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Description 

[SEIVIICONDUCTOR LASER DEVICE 
STRUCTURE AND IVIETHOD OF 
MANUFACTURING THE SAME] 

Cross Reference to Related Applications 

[0001] jhis application claims the priority benefit of Taiwan ap- 
plication serial no. 93109437, filed April 6, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a method of manufactur- 
ing a semiconductor laser device. More particularly, the 
present invention relates to a semiconductor laser device 
and method of manufacturing the same that can prevent 
alignment error when defining the location of a P-type 
metal. 

[0004] Description of the Related Art 

[0005] In the conventional method of fabricating a 2 ~ Spim ridge 
type waveguide laser, it is difficult to position the P-type 



metal accurately on top of an protrudent platform of the 
ridge type waveguide laser because the area at the top 
surface of the protrudent platform is extremely small. 
[0006] Fig. 1 is a schematic cross-sectional view showing a con- 
ventional semiconductor laser device in the process of 
defining the location of a P-type metal. As shown in Fig. 

1, an epitaxial layer 100 is shaped into a ridge structure 
106 comprising two channels 102 and an protrudent 
block 104. Thereafter, a P-type metal 108 is defined on 
the protrudent block 104. However, an accurate alignment 
of the P-type metal 108 is difficult because the top area of 
the protrudent block 104 is very small. 

[0007] Fjg_ 2 is a schematic cross-sectional view showing another 
conventional semiconductor laser device in the process of 
defining the location of a P-type metal. As shown in Fig. 

2, an epitaxial layer 200 is shaped into a ridge structure 
206 comprising two channels 202 and a protrudent block 
204. Thereafter, an insulating layer 210 is formed over 
the epitaxial structure 200 and then photolithographic 
and etching processes are carried out to expose the area 
for forming the P-type metal. However, due to possible 
misalignment in the process of defining the insulating 
layer 210, the top surface of the protrudent block 204 



may not be accurately exposed. Consequently, a subse- 
quently formed P-type metal will not fully contact with the 
top surface of the protrudent block 204. 
[0008] At present, one of the solutions is to reduce the size of 
the P-type metal. Fig. 3 is a schematic cross-sectional 
view showing yet another conventional semiconductor 
laser device in the process of defining the location of a P- 
type metal. As shown in Fig. 3, an epitaxial layer 300 is 
shaped into a ridge structure 306 comprising two chan- 
nels 302 and a protrudent block 304. Thereafter, an insu- 
lating layer 308 is formed over the epitaxial structure 300. 
Photolithographic and etching processes are carried out in 
sequence to expose the area for forming the P-type metal. 
After that, a P-type metal 310 is formed on the exposed 
surface of the protrudent block 304. Although this 
method is capable of reducing alignment errors, the P- 
type metal covers only a portion of the top surface of the 
protrudent block 304 within the ridge structure 306. In 
other words, the P-type metal will have a higher ohmic 

contact resistance and a lower heat-dissipating capacity. 
Summary of Invention 

[0009] Accordingly, at least one objective of the present inven- 
tion is to provide a method of fabricating a semiconductor 



laser device capable of tolerating a larger alignment error 
and having a lower ohmic contact resistance and a higher 
heat dissipating capacity so that overall optical and elec- 
trical performance is improved. 

[0010] At least a second objective of the present invention is to 
provide a method of fabricating a semiconductor laser de- 
vice capable of producing a P-type electrode and an N- 
type electrode at the same time to simplify the fabrication 
process and increase the product yield. 

[001 1] At least a third objective of the present invention is to 
provide a semiconductor laser device structure having a 
lower ohmic contact resistance. 

[0012] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a method 
of fabricating a semiconductor laser device. First, an epi- 
taxial structure is provided. A first mask layer is formed 
over the epitaxial structure to define an protrudent area in 
a ridge structure. Thereafter, a conformal second mask 
layer is formed over the epitaxial structure to cover the 
first mask layer. A third mask layer is formed over the 
second mask layer to expose a portion of the second 
mask layer. The exposed second mask layer is removed. 



Using the first masic layer and tlie tliird masic layer as an 
etching mask, a portion of the epitaxial structure is re- 
moved to form the ridge structure. After that, the third 
mask layer together with the remaining second mask layer 
is removed. An insulation layer is formed on the epitaxial 
structure and then the first mask layer is removed to ex- 
pose a portion of the top surface of the protrudent area. 
Finally, a conductive layer is formed on the epitaxial 
structure such that the conductive layer makes contact 
with the top surface of the protrudent area. 
[0013] The present invention also provides an alternative method 
of fabricating a semiconductor laser device. First, an epi- 
taxial structure comprising an N-type electrode area and a 
P-type electrode area is provided. A first mask layer is 
formed over the P-type electrode area and the N-type 
electrode area of the epitaxial structure to define an pro- 
trudent area of a ridge structure within the P-type elec- 
trode area an N-type ohmic contact metal area within the 
N-type electrode area. Thereafter, a conformal second 
mask layer is formed over the epitaxial structure. A third 
mask layer is formed over the second mask layer to ex- 
pose a portion of the second mask layer above the first 
mask layer within the P-type electrode area. The exposed 



second mask layer is removed. Using the first masl< layer 
and the third mask layer within the P-type electrode area 
as an etching mask, a portion of the epitaxial structure is 
removed to form the ridge structure. After that, the third 
mask layer together with the remaining second mask layer 
is removed. An insulation layer is formed to cover the 
ridge structure within the P-type electrode area and the 
N-type ohmic contact metal area within the N-type elec- 
trode area. Then, the first mask layer is removed to ex- 
pose the top surface of the protrudent area within the P- 
type electrode area and the N-type ohmic contact metal 
area within the N-type electrode area. A first conductive 
layer is formed over the exposed N-type ohmic contact 
metal area. Finally, a second conductive layer is formed on 
the top surface of the protrudent area such that the sec- 
ond conductive layer makes full contact with the top sur- 
face of the protrudent area. 
[0014] The present invention also provides a semiconductor laser 
device structure comprising a substrate, a second 
cladding layer over the substrate and a second ohmic 
contact layer over the second cladding layer. A ridge 
structure is formed within the second cladding layer and 
the second ohmic contact layer. The ridge structure com- 



prises two channels and an protrudent block. The two 
channels penetrate a definite thickness of the second 
ohmic contact layer and the second cladding layer. The 
protrudent block is located between the two channels. 
Furthermore, an insulating layer is positioned over the 
second ohmic contact layer outside the top surface of the 
protrudent block and a conductive layer is positioned to 
enclose the ridge structure and make contact with the top 
surface of the protrudent block. In addition, a first ohmic 
contact layer, a first cladding layer, a first waveguide 
layer, a light-emitting layer and a second waveguide layer 
are sequentially stacked up from the substrate to meet the 
second cladding layer. 

[0015] In the present invention, the channels of the ridge struc- 
ture are protected by an insulation layer so that the con- 
ductive layer can cover a wider area. Hence, the semicon- 
ductor laser device can tolerate a larger alignment error 
and have a lower ohmic contact resistance and a higher 
heat dissipating capacity so that overall optical and elec- 
trical performance is improved. 

[0016] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 



the invention as claimed. 
Brief Description of Drawings 



[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] Fig. 1 is a schematic cross-sectional view showing a con- 
ventional semiconductor laser device in the process of 
defining the location of a P-type metal. 

[0019] Fig. 2 is a schematic cross-sectional view showing another 
conventional semiconductor laser device in the process of 
defining the location of a P-type metal. 

[0020] Fig. 3 is a schematic cross-sectional view showing yet an- 
other conventional semiconductor laser device in the pro- 
cess of defining the location of a P-type metal. 

[0021] Figs. 4A through 4F are schematic cross-sectional views 
showing the steps for fabricating a semiconductor laser 
device according to a first embodiment of the present in- 
vention. 

[0022] Fig. 5 is a schematic cross-sectional view of a semicon- 
ductor laser device according to a second embodiment of 



the present invention. 
Detailed Description 

[0023] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0024] Figs. 4A through 4F are schematic cross-sectional views 
showing the steps for fabricating a semiconductor laser 
device according to a first embodiment of the present in- 
vention. As shown in Fig. 4A, an epitaxial structure 400 
comprising an N-type electrode area 402 and a P-type 
electrode area 404 is provided. A first mask layer 406 is 
formed over the P-type electrode area 404 and the N-type 
electrode area 402 of the epitaxial structure 400 to define 
a protrudent area 405 in a ridge structure within the P- 
type electrode area and an N-type ohmic contact metal 
area within the N-type electrode area 402. Thereafter, a 
conformal second mask layer 408 is formed over the epi- 
taxial structure 400 to cover the first mask layer 406. The 
N-type electrode area 402 is an N-type ohmic contact 
layer and the P-type electrode area 404 is a P-type ohmic 



contact layer, for example. The second mask layer 408 is 
a silicon oxide layer or a layer fabricated from other suit- 
able material. The first mask layer 406 is a fabricated us- 
ing nickel, for example. 

[0025] As shown in Fig. 4B, a third mask layer 410 is formed over 
the second mask layer 408 to expose a portion of the 
second mask layer 408 above the first mask layer 406 
within the P-type electrode area 404. 

[0026] As shown in Fig. 4C, the exposed second mask layer 408 
is removed. After that, using the first mask layer 406 and 
the third mask layer 410 inside the P-type electrode area 
404 as an etching mask, a portion of the epitaxial struc- 
ture 400 is removed to form a ridge structure 416 in the 
P-type electrode area 404. The ridge structure 416 com- 
prises a pair of channels 414 and a protrudent block 412. 
The protrudent block 412 has a width between Ipm to 
lOpm. The method of etching away part of the epitaxial 
structure 400 comprises performing a reactive ion etching 
operation using gaseous etchant Ar/CH^/CI^/He, for ex- 
ample. 

[0027] As shown in Fig. 4D, the third mask layer 410 and the re- 
maining second mask layer 480a are removed. Thereafter, 
an insulating layer 418 is formed over the epitaxial struc- 



ture 400 to cover the top surface of the protrudent block 
412 of the ridge structure 416 within the P-type electrode 
area 404 and the N-type ohmic contact metal area 403 
within the N-type electrode area 402. The insulating layer 
418 is fabricated from silicon oxide material, for example. 

[0028] As shown in Fig. 4E, the first mask layer 406 is removed 
to expose the top surface of the protrudent block 412 
within the P-type electrode area 404 and the N-type 
ohmic contact metal area 420 within the N-type electrode 
area 402. The method of removing the first mask layer 
406 comprises etching with hot nitric/hydrochloric acid 
solution (HNO^:HCI = 1:3 at 105X). 

[0029] As shown in Fig. 4F, a first conductive layer 422 is formed 
on the exposed N-type electrode area 402 and a second 
conductive layer 424 is formed on the top surface of the 
protrudent block 412. The second conductive layer 424 
fully contacts the top surface of the protrudent block 412. 
The first conductive layer 422 can be an N-type titanium/ 
aluminum/titanium/gold layer and the second conductive 
layer 424 can be a P-type nickel/gold layer, for example. 
In a subsequent step, a metallic layer is formed over the 
epitaxial structure to cover the first conductive layer 422 
and the second conductive layer 424 and serve as an elec- 



trode. 

[0030] Fig. 5 is a scliematic cross-sectional view of a semicon- 
ductor laser device according to a second embodiment of 
the present invention. As shown in Fig. 5, the structure 
comprises a substrate 500 having a first ohmic contact 
layer 502, a first cladding layer 504, a first waveguide 
layer 505, a light-emitting layer 506, a second waveguide 
layer 507, a second cladding layer 508 and a second 
ohmic contact layer 510 sequentially stacked thereon. The 
first ohmic contact layer 502, the first cladding layer 504, 
the first waveguide layer 505, the light-emitting layer 
506, the second waveguide layer 507, the second cladding 
layer 508 and the second ohmic contact layer 510 to- 
gether form an epitaxial structure 522. Furthermore, a 
ridge structure 518 is formed within the second cladding 
layer 508 and the second ohmic contact layer 510. The 
ridge structure 518 comprises a pair of channels 514 and 
an protrudent block 516. The protrudent block 516 is lo- 
cated between the two channels. The channels 514 pene- 
trate a certain thickness of the second ohmic contact layer 
510 and the second cladding layer 508. An insulating 
layer 512 is positioned over the second ohmic contact 
layer 510 outside the top surface of the protrudent block 



516. A conductive layer 520 encloses the ridge structure 
518 and makes contact with the top surface of the protru- 
dent block 516. The first ohmic contact layer 502 and the 
first cladding layer 504 are N-type ohmic contact layer 
and N-type cladding layer respectively. The second 
cladding layer 508 and the second ohmic contact layer 
510 are P-type cladding layer and P-type ohmic contact 
layer respectively. 

[0031] In the present invention, the channels of the ridge struc- 
ture are protected by an insulation layer so that the con- 
ductive layer can cover a wider area. Hence, the semicon- 
ductor laser device can tolerate a larger misalignment and 
have a lower ohmic contact resistance and a higher heat 
dissipating capacity so that overall optical and electrical 
performance is improved. 

[0032] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



